Abstract
Economists generally agree that immigrants experience faster wage growth than do 27 native workers. One explanation is that over time immigrants learn the host-country measures of fluency are very noisy probably biasing estimated coefficients downwards.
36
The major alternative explanation for convergence is that recent immigrants, like young 37 natives, engage in considerable job shopping. Immigrants exhibit considerable job 38 mobility (Lalonde and Topel, 1991; Eckstein and Weiss, 1998 ically wasteful or merely a disguised form of welfare.
50
In this paper, we use a unique data set collected by one of the authors to cast light on the the way the data are measured, there is likely to be less measurement error in the change 55 than in the level. Moreover, since we follow workers within jobs, we can distinguish wage 56 growth within jobs from wage growth due to job shopping.
57
We study immigrants from the former Soviet Union (hereafter Russians) to Israel who 58 were employed in one of four occupations in Israel (gas station attendant, construction 59 worker, computer technician, software engineer). We find that Hebrew fluency had almost 60 no effect on wage growth in the low-skill occupations (gas station attendant, construction 61 worker). Moreover, these occupations show no evidence of wage convergence. In contrast, Since the pioneering research of Chiswick (1978) and related work by Carliner (1980), 78 it has been widely recognized that the earnings of immigrants increase more rapidly than 79 those of natives. Subsequent research by Borjas (1985) engendered a lively debate 80 regarding whether immigrants tend to surpass equivalent natives and about the extent of 81 bias in cross-sectional estimates of ''catch-up'' (see, for example, Friedberg, 1992; Duleep 82 and Regets, 1996) . Nevertheless, researchers generally agree that immigrant wages rise 83 relative to native wages as the time spent by the immigrant in the receiving country 84 increases (Borjas, 1994) . likely to speak English and to earn more''. He goes on to recognize that some researchers
94
(e.g., Chiswick and Miller, 1992) have tried to correct for the potential endogeneity of 95 language knowledge by using instrumental variables techniques, but he questions the 96 exogeneity of the identifying instruments. More recent work (Dustmann and van Soest, 97 2001) uses fathers' education as an instrument for language. The authors argue that 98 immigrants do not obtain networks through their parents and thus education is exogenous 99 to wages. However, the exogeneity assumption is questionable to the extent that parental 100 education is correlated with unobserved investments in children's human capital other than 101 language or is correlated with unmeasured ability.
102
There is also reason for concern that estimates of the effect of years since migration on 103 linguistic proficiency are biased. Dustmann (1999) Chiswick (1998) and the references therein as well as Carliner (1996 Carliner ( , 2000 , Miller (1999), and Hayfon (2001) . McManus et al., 1983; Dustmann and van Soest, 2001; Carliner, 1996; 138 Hayfron, 2001 ).
139
In particular, Eckstein and Weiss (1998) (Beenstock, 1996; Chiswick and Repetto, 2001) . Beenstock (1996) be correlated, but the relation need not be causal.
154
To summarize, an ideal study of the effect of language on the assimilation of 155 immigrants would address at least the following four issues-correlation between 2 Mean years in Germany varied between 14.6 and 21.3 years depending on the wave of the survey. 3 Note that since within individual variation in fluency appears to be almost entirely measurement error, they cannot use the panel nature of the data to correct for the other biases we discuss. 4 Eckstein and Weiss (1998), page 7. 
180
In relation to the literature on immigration, the low cost and high return to migration for 181 the current wave make them an unusual group of immigrants in the sense that self-182 selection is probably much less important for this group than for other immigrants studied 183 in the literature (Chiswick, 1978; Borjas, 1987 and workplaces.
190
The most valuable feature of these data is retrospective questions on earnings and 191 language ability on entry into the current job. This method is consistent with recent insights 192 from survey design (Belli et al., 2001 ) which stress the importance of focusing on significant 5 For details see Siniver (1998) . 
223
Job tenure in the OS is short, averaging 1.3 years. This is due to both the short interval 224 since migration and high turnover in construction and gas stations. (See Table 5 Hebrew is self-assessed and measured on a scale of 1 to 5 corresponding to the 227 classifications: ''not at all'', ''a little bit'', ''not so well'', ''well'', and ''very well''. The 228 average score was 2.96 on entry into the current job and 3.32 when interviewed.
7 Technicians were surveyed in eight different companies, software engineers in nine. Twenty gas stations and 18 construction sites were surveyed. 6 The LFS population is Israel's permanent population aged 15+, including potential immigrants and permanent residents staying abroad for up to 1 year. Sampling is conducted in two phases: in phase 1, localities are sampled. In phase 2, households are sampled within localities. Probability of inclusion for each household in the population is approximately 1%. The sample is drawn once a year, and divided into four ''panels''. Panels are interviewed for two consecutive quarters, not interviewed for the next two and then interviewed for another two consecutive quarters. The sample in each quarter is composed of four panels spanning two or three sampling years. See Israel Central Bureau of Statistics (various years) for details.
Methods

230
Our goal is to estimate the effect of linguistic proficiency on wages. The now standard 231 approach is to estimate an equation of the form: on earnings, which we label ''ability''.
237
The coefficients we seek to estimate in Eq. (1) especially suspect since one's ability to learn a language will be reflected in h but may 242 also be correlated with unobserved earning ability, a i .
243
This ability-bias can be addressed by estimating 
252
The unique feature of our data which makes estimation of Eq. (2) regarding Hebrew ability at entry into the current job, along with information about the 255 entry wage. These allow us to estimate the coefficients of 
the return to language. On the other hand, it eliminates the possibility of spurious 275 correlation between language skill and quality of job match due to the fact that they both 276 may increase in search time.
277
A second point about Eq. (3) 
The remaining columns of proficiency on the four step scale. This coefficient predicts a 23% increase in earnings 9 In estimating the differenced equation we must assume that marital status and education are unchanged between entry into the current job and the survey period, since these retrospective questions were not asked. This assumption is probably benign, as the omission of these two variables in the cross-sectional regression (as in Table 3 ) has almost no effect on the other coefficients. There is a form of measurement error in language ability that would bias the differenced coefficient upwards and the cross-sectional coefficient downwards. Since the scale of language ability is bounded at both ends, measurement error could be asymmetric, causing differences in Hebrew to be underestimated and the differenced regression coefficient to be overestimated. This is unlikely as only 4% of immigrants in the sample report their Hebrew at the lowest level when hired and only 6% of the sample report their current level of Hebrew as fluent. 10 It is difficult to compare these results with those in the literature since each study uses different measures of language knowledge. The closest paper is Tainer (1988) which also uses a five-point scale and finds even higher returns to English knowledge in the United States. Her OLS coefficients are 0.13 for Europeans and 0.17 for Hispanics and Asians or about 2 1/2 times our coefficients. The remaining studies are less comparable. Chiswick (1998) reports an 11% return to having Hebrew as a primary language. This coefficient rises to 35% using IV. Dustmann (1994) finds about a 7% difference between immigrants to Germany who speak German well and those who speak it badly or not at all. His later work with van Soest (2001 van Soest ( , 2002 shows that this estimate is quite sensitive to the assumptions underlying estimation, with coefficients ranging from close to 0 to roughly doubly the estimate in the original paper. Using OLS, Chiswick and Miller (1995) report returns of 5.3% and 8.3% to fluency in English in Australia and 16.9% to fluency in English. They report widely varying results using IV. Table 6 report those cross-sectional results for software programmers 14 Cross-sectional estimates pool entry and survey years in order to increase precision and to enhance comparability with the differenced estimates. This requires assuming that marital status and education are constant for individuals over the sample period. 12 The implied within-occupation rate of wage growth in our sample is 6.5% per year, as compared to 6.4% in the sample studied by Eckstein and Weiss (1998, page 4) .
13 Weiss and Gotlibovski (1995), p. 22 . 
t6.10
Cross-section specifications (Eq. (1)) include linear and quadratic terms in tenure and YSM, schooling, LF experience and an indicator for currently married as in column (2) of Table 3 . Cross-sectional estimates pool data from the survey year and the entry year to increase precision and to enhance comparability with first difference results. First difference specifications (Eq. (3)) include linear and quadratic terms in tenure and a quadratic term in YSM as in column (6) of Table 4 . Both specifications assume that marital status and education is the same in entry and survey years.
t6.11 t5.1 
t5.17
Entry level Hebrew is the Hebrew score on entry into the current job, as reported retrospectively. See text for details.
t5.18
a Hebrew knowledge is measured on a scale of 1 to 5. See Table 1 for details. t5.20
between cross-sectional and differenced coefficients) which is statistically insignificant for 457 both programmers and technicians.
458
In contrast, the bottom two rows report that once ability bias is accounted for,
459
proficiency in Hebrew has little if any effect on the wages of construction workers and 460 gas station attendants. While the cross-sectional coefficients on Hebrew are 3.2% and 461 3.1%, respectively, these coefficients are statistical zeros in the differenced specification.
462
For these lower skill occupations, the implied ability biases (reported in the rightmost 463 column) are as large as the estimated cross-sectional coefficients, and statistically 464 significant. The apparent return to Hebrew language proficiency in the cross-section is 465 entirely due to heterogeneity (ability) bias for these two occupations.
466
The contrast between the high and low skill returns to language acquisition is 467 illustrated in the two panels of Fig. 1 , which plot changes in log wages against changes Frisch-Waugh -Lovell theorem.) Our interpretation of this contrast is that language 473 complements skills in increasing earnings but has no effect on the earnings of less-skilled 474 workers.
475
The language-skill complementarity we find in our data is consistent with prior cross-476 sectional evidence in the literature. McManus et al. (1983) language-skill complementarity strikes us as a simpler and more natural explanation.
495
It has the benefit of Occam's razor. In the following discussion, we are therefore con-496 cerned with whether measurement error could bias the results for both sets of occu-
497
pations.
498
The first issue concerns the bias due to nonclassical measurement error in reporting a 499 continuous variable in a small number of discrete categories. To illustrate the problem,
assume that Hebrew proficiency, h, takes on continuous values from 0.5 to 5.5 and that the 501 answers on the questionnaire are simply rounded to the nearest unit so that for reported
502
Hebrew, h R , 
where u is measurement error. This is not classical measurement error as u and h are not 505 independent. Ignoring the other covariates for simplicity,
The bias in least squares regression depends on the correlation of h R and u, which depends is 2%, 13%, 41%, 38%, 6%. Fitting that distribution to normal yields a downward bias of 516 7.5% on the estimated coefficient in simulation.
517
In the differenced equation, on the other hand, the sign of the measurement error bias is 518 ambiguous. The distribution of h could well have a mass point at zero and is skewed to the 519 right. The distribution of reported change in Hebrew is no change-66%, increase of one 520 level-32%, increase of two levels-2%. It is plausible that for ''no change'' rounding is, 521 on average, downward, and that for improved Hebrew rounding is, on average, upward. If 522 so, the measured change understates the true change and the bias in the differenced 523 regression is away from zero, in our case upwards.
524
This form of measurement error provides a possible alternative explanation for the 525 pattern reported in Table 6 for the high-skill occupations, since the bias in the cross- cross-section and zeros in first differences. We conclude that bias due to this type of 531 measurement error is quite unlikely to undermine our central conclusion that true returns to
532
Hebrew are much higher in high-skill occupations. this example he reports h R = 4, implying Dh R = 0 and generally follows a rule that rounds 15 Low skill occupations have 70% no change and 30% increase by one level, as opposed to 60% no change, 35% increase by one level and 4% increase by two levels for high-skill occupations. (uncorrelated with the residual in Eqs. (1) and (3)), then a possible result is that differenced 559 estimates of returns to Hebrew would be biased toward zero, while cross-sectional 560 estimates would be subject to less of the same bias. In that way, recall error provides 561 an alternative explanation for the pattern in Table 6 .
562
The data weigh against this explanation in two ways. First, job tenure tends to be 563 shorter in the less-skilled occupations (see Table 5 ), so that entry Hebrew is a less distant 564 memory for those workers, implying a smaller contrast between cross-sectional and 565 differenced coefficients for the less-skilled occupations. The opposite is the case in Table   566 6. Second, the recall error hypothesis has the testable implication that cross-sectional 567 estimates of Eq. (1) in the entry year should yield coefficients closer to zero than the same 568 estimates using current data from the survey year (1994) , and that this pattern should be 569 particularly true for the less-skilled workers. 16 Table 7 reports the return to Hebrew in Table 6 exceed the cross-sectional estimates). Recall bias is apparently not 576 particularly strong among the low-skill occupations. If anything, the opposite is true. We 577 conclude that this form of recall bias does not provide an alternative to language-skill 578 complementarity as an explanation for the differential pattern of returns to Hebrew 579 reported in Table 6 .
580
Finally, we note that despite our claim that the way the data are collected minimizes 581 measurement error, there is likely to be some measurement error in the difference.
582
Suppose, for example, we asked, ''How much has your Hebrew improved since you 16 We thank a referee for pointing out this possible type of recall error and for suggesting this test. workers, we return to reexamine differential returns to tenure/experience in each high-599 skill occupation and evaluate the effect of improved Hebrew. In Table 4 , we saw that on 600 average immigrants had higher returns to tenure than did natives and that over half of the 601 differential was attributable to improved Hebrew, but this estimate combined the effect of
602
Hebrew in high-and low-skill occupations. 
t7.10
''Recall bias'' is the entry year estimate less the survey year estimate. Specifications (Eq. (1)) include linear and quadratic terms in tenure and YSM, schooling, LF experience and an indicator for currently married as in column (2) of Table 3 . Marital status and education recorded in the survey year is assumed to be the same in entry year and survey years. 
reflected in faster wage growth within jobs for more educated workers. We have therefore 615 tried including education as an explanatory regressor in column (3). The coefficient on 616 education is insignificant, and the remaining coefficients are essentially unchanged.
617
The final two columns of 
t8C.13
17 Note in passing that the constant term provides a very partial and weak test of the model. In the differenced specifications, the constant term measures the predicted wage growth if there were no increase in tenure/ experience, years since immigration and Hebrew knowledge. Wage growth after no time on the job, and thus the constant term, should be zero. If the constant term is not zero, the equation must be misspecified. The most likely sources of that problem are a parametric specification that does not permit appropriate curvature or measurement error. For example, with classical measurement error and all observations in the positive quadrant, the constant term is biased upwards. We therefore find some support for the model in the estimated constant terms in our most general specifications (column 5 of Tables 8A and 8B and columns 2 and 4 of Table 8C ). In all four cases, the constant term is precisely measured and statistically zero. fluency, which is worth a 33 -42% wage premium.
656
Our results are subject to caveats, which are common to this literature. First language 657 may proxy for a range of host-country skills. As individuals master the language, they also 
